Adaptacia lesnych ekosystémov na
globalne environmentalne zmeny

vplyv obhospodarovania lesa na strukturu lesa a environmentalne aspekty lesnych
ekosystémov (prostredie, mikroklima, pody, biodiverzita a pod.)

potencial lesnych ekosystémov pri zmiernovani dopadov GEZ,

sekvestracia uhlika, lesna mikroklima, alternativne formy manazmentu



Vplyv obhospodarovania lesa
na Strukturu lesa a environmentalne aspekty lesnych
ekosystémov



Zmena vo vyuzivani dubovych lesov

Vymladkovo obhospodarované lesy nizkeho tvaru s kratkou rubnou
dobou boli prevadzané na lesy vysoké

Mezofilizacia, eutrofizacia a taxonomicka homogenizacia

* menej svetla (slne€ného Ziarenia)

» vlhkejsSia chladnejsia mikroklima

* viac listového opadu a z inych drevin —zmena
vlastnosti hornej vrstvy pod

Ako by sme teda mali obhospodarovat dubové lesy?




Ako obhospodarovat dubové lesy?

Intenzivnejsie. Historické formy su ale pre sucasnost nevhodné.

Alternativne formy obhospodarovania dubovych lesov (experimenty)

O tom viac nabuduce
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Tinya et al. (2019). Initial understory response to experimental silvicultural treatments in a temperate oak-dominated forest. European Journal of Forest Research, 138(1), 65-77.
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Velké plochy mladych lesov

Problémom pre biodiverzitu je velké zastupenie a velkoplosnost mladych (hustych)
porastov

Cervena 0-70 rokov
Hnedd 70-140 rokov
Zelena >140 rokov




Horské lesy vekovych tried — diverzita vs. struktura

V hustych homogénnych bukovych lesoch (nielen mladych, aj starSich) s velkou
biomasou jemnych korenov je velmi nizka druhova diverzita rastlin
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Competition for soil resources forces a trade-off
between enhancing tree productivity and
understorey species richness in managed beech
forests

Figure 4 Contour maps of interactive effects of pairs of driving variables on understorey

R species richness. Data were generated by the final GAM model where all other variables were

held at mean value. Numbers and colours indicate understorey species richness.




Zmena drevinového zlozenia horskych lesov

Najma zmeny v prospech smreka v horskych lesoch
Tabulka 22 Zastupenie drevin 5. vs

Dreviny Sucasné % Pdvodné %
Ihliénaté dreviny ¥
Picea abies 52,86 3,00
Abies alba 10,04 43,18
Pinus sylvestris 3,44 0,34
Larix decidua 2,66 0,24
Pseudotsuga menziesii 0,04
Pinus nigra 0,02
Sorbus aucuparia 0,01
Taxus baccata 0,20
Ihliénany spolu 69,08 46,96
Listnaté dreviny ¥
Fagus sylvatica 25,33 46,79
Acer pseudoplatanus 2,90 3,29
Fraxinus excelsior 1,01 0,19
Betula sp. 0,89 0,05
Alnus incana 0,25 0,03
Sorbus aucuparia 0,18 0,14
Alnus glutinosa 0,11 0,09
Populus tremula 0,07 0,02
Ulmus glabra 0,06 1,07
Tilia sp. 0,05 0,06
Carpinus betulus 0,03
Acer platanoides 0,02 0,95
Obrdzok 3.3.4. Priklad klasifikdcie prirodzenosti lesa v oblasti Nizkych Tatier, Polany a Slovenského rudohoria s vyuzitim Salix caprea 0,02 0,02
navrhnutej poznatkovej bdzy (zelend — prirodzené, ekologicky vhodné; zltd — poloprirodzené, ekologicky pripustné; ervend — Quercus sp. 0,01
neprirodzené, ekologicky nevhodné SPT, ¢ierna linia — hranice lesnych oblasti) Sorbus aria 035
Vladovic et al. 2014: Reakcia diverzity lesnych fytocen6z na zmenu edaficko-klimatickych podmienok Slovenska. TU Zvolen Listnace spolu 30,92 53,04

Vladovi¢ et al. 2011: Struktira a diverzita lesnych ekosystémov na Slovensku, Narodné lesnicke cetnrum



Horské lesy - les vekovych tried - huby

jedlové buciny vs hosp. buciny a smreciny

v priemere su rozdiely pri cievnatych rastlinach malé, avsak hub (makromycéty — , klasické“ velké huby s plodnicami)

je v hosp. lesoch, hlavne v smrecinach podstatne menej
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Ujhazy et al. (2018). Response of fungal and plant communities to management-induced overstorey changes in montane
forests of the Western Carpathians. European Journal of Forest Research, 137(2), 169-183.




Les vekovych tried - mftve drevo

Specificky Zivotny priestor pre mnohé organizmy, napr. huby, dutinové hniezdice

Velky vyznam pri regeneracii horskych smrekovych lesov

V obhospodarovanych
lesoch je podstatne
menej mrtveho dreva,
ako je prirodzené —
negativny vplyv na
mnohé organizmy
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Obrizok 4.2.1. Priemernd hektdrovd zdsoba odumretého dreva (a) a pomer odumretého dreva voci zdsobe Zivyich stromov

(b) podla stupriov prirodzenosti pre spolocenstvd S. jedlovo-bukového vs

Legenda: Priemernd hodnota @ pre stuperi prirodzenosti 1,0 pre stuperi prirodzenosti 2, A pre agregovany stuper

[7
prirodzenosti 3,4 a §, @ D 95 % interval spolahlivosti priemernej hodnoty

Vladovic et al. 2011: Struktira a diverzita lesnych ekosystémov na Slovensku, Narodné lesnicke cetnrum




Mrtve drevo

Na Slovensku mame nadpriemerné
mnozstvo mrtveho dreva v ramci EU

Table 2 Mean values of
deadwood volume (m® ha™') and
their 95% confidence interval
estimates distinguished by
Country and deadwood type (see
the text for acronyms)

Avsak hlavne suchare

Deadwood type Description of deadwood type

SDT: standing dead trees A standing dead tree recorded if

DBH = 10 cmand H,; = 1.3 m

LDT: lying dead trees Lying dead trees was recorded if

DBH > 10 cm

snag Snag recorded if /,,, > 1.3 m and
dhall" > 10 cm
CWD recorded if dy,.;r> 10 cm

Stump recorded if /gy < 1.3 m
and d.; = 10 cm

CWD: coarse woody debris

stump

Annals of Forest Science (2019) 76: 68
https://doi.org/10.1007/513595-019-0832-0

DATA PAPER

®

Chéék for
updates

A dataset of forest volume deadwood estimates for Europe

Nicola Puletti’ @ - Roberto Canullo®? - Walter Mattioli' - Radostaw Gawrys* - Piermaria Corona’ - Janusz Czerepko®

Country SDT LDT Snag CWD Stump  Number of plots  Mean volume
Austria 9.17%? 0.0 0.0 14.673 0.0 136 237746
Belgium 48724 608 1317 3677 1.0%7 10 17.5°%!
Cyprus 02707 1.0 249%% 0272 0597 19 26.9°248
Czech Rep. 0.0 0.0 0.0 3807 570 146 9810
Denmark 14797 00 0.0 48932 0.0 22 6.2532
Finland 1.603 062  04*0! 2 1%02 5 4*0-! 630 7 1205
France 7.9 0.0 20404 97510 2271 548 22,3724
Germany 3308130 7077 19t 58t 226 29.6°°
Hungary 36515 0101 1104 39%0 7202 g g 7419
Ireland 0.0 0.0 0.0 147904 451 35 6.1°14
Italy 58713 13405 g 7rle 27405 207 224 14.9°24
Latvia 71*13 3816 3 (08 107516 1902 g5 26.4532
Lithuania 5820 5492 1504 3.0°%7 20" 62 17.7°°
Poland 2470 0179 0.8 3.9°9% 2602 438 9.9+
Slovak Rep. 9.7%' 00 0.0 12,151 4893 108 27355
Slovenia 18.37¢  5.02° 097 52715 32%0° 44 33,178
Spain 1.80° 0.1 05702 2.17°9°  1.077 155 5677
Sweden 2442 23t 30708 1537 11" 100 24.4%572
United Kingdom 0.0 0.0 4T 93" 132 167 15542
EUI9 4 04 0 701 ] §+03 6.443 2501 3943 15807




Les vekovych tried a lesna mikroklima

Lesna mikroklima sa obnovi az po cca 50 rokoch, ked ma
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Malis et al. 2023 : Microclimate variation and recovery time in managed and old-growth temperate forests,
managed stands old-growth stands Agricultural and Forest Meteorology 342, 109722



Les vekovych tried a lesna mikroklima

Dubové lesy na upati Polany

Lesna mikroklima sa obnovi pri vySke okolo 15-20 m
Sezéne zmeny — v lete timivy ucinok najvyraznejsi
Okrem nizsej teploty aj vyssia vlhkost pody

Doélezita je maximalna denna teplota (deficit vodnych par —
nasytenost vzduchu vodnou parou)
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Csolleova et al. (2024). Post-harvest recovery of microclimate buffering and associated temporary xerophilization of vegetation in sub-continental oak forests. Forest Ecology and Management, 572, 122238.



Sposobi ,,strata® lesnej mikroklimy termofilizaciu vegetacie?

Termofilizacia suvisi s mikroklimou, nie makroklimou

Na rubaniskach rastu teplomilnejSie a suchotolerantnejsie druhy. Ale je pravdepodobny navrat do povodného stavu
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Zellweger et al. (2020). Forest microclimate dynamics drive plant responses to
warming. Science, 368(6492), 772-775.
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FIGURE 2 Predicted mean changesin CTI,_, (a, b)and CTI_;, (c, d) between inventories of 10 years with 95% confidence interval in
relation to stand age. Orange and blue colours highlight periods of stand age where changes in CTI values were significantly different from
zero during a period of at least 10 years. Orange denotes periods of increases in CTl values, and blue denotes periods of decreases in CTlI
values. Grey colour denotes periods of stand age where change in CTI values was not significantly different from zero for at least 10 years.
Numbers on Figure 2a refer to highlighted phases of stand age, where first phase after clear-cutting shows general increases in CTl values,
followed by second phase with general decreases, and lastly a longer and relatively stable third phase

Christiansen, D. M., lversen, L. L., Ehrlén, J., & Hylander, K. (2022). Changes in forest structure drive temperature preferences of
boreal understorey plant communities. Journal of Ecology, 110(3), 631-643.



Les vekovych tried a lesna mikroklima

Dubové lesy na upati Polany
Bez termofilizacie, suchotolerantnejsie druhy na rdbaniskach

Zmeny suvisia s pritomnostou ,,nelesnych” druhov
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Termofilizac

Termofilizacia vs. adaptacia na globalne oteplovanie —

uhol pohladu

Vysledky indikuju, Ze niektoré dreviny mozu mat problém

Ia

Ve ’ .
C I a a ta C I a Received: 5 March 2020 | Revised: 27 July 2020 | Accepted: 29 July 2020
° DOI: 10.1111/geb.13177

RESEARCH PAPER

Global Ecology

and Biogeography

Windstorm-induced canopy openings accelerate temperate

forest adaptation to global warming

Jean-Claude Gégout

s regeneraciou v makroklimatickych podmienkach

rubaniska

Termofilizacia po presvetleni

2.0

AT(C)

Intercept = 0.33 ***

-1.0 -0.5

FIGURE 3 Relationship between the community temperature

AL

0.0

0.5 1.0

index change between 2002 and 2018 (AT) and the community
light index change between 2002 and 2018 (AL) in the gap plots.
Regression line and 95% confidence interval are displayed. The
departure from O of AT when AL = 0 (intercept of the regression

line) is indicated (***p < .001)

Gap 2002 Gap 2018 Undisturbed
(G02) (G18) forest (UF18) G18-G02 G18-UF18

Warm adapted species (SW)

Proportion .44 {.13}| 0.46(.14) _42|{.15) 017+ 037

Number 10.9 11.1 2.5 0.16 1.5%**
Cold adapted species (SC)

Proportion 43 (.12}' 400(.12) .44|{.14) —-027%** -.041****

Number 10.3 9.3 9 -1.1*** 0.26
Intermediate species (51)

Proportion 13 (.08) A4 (1) A4 (.14) 01 .0049

Number 3.3 34 39 0.11 0.51**

Note: Differences between years and between disturbance regimes have been calculated and
entered in the table. The average proportion for each species category over all plots is given
followed by its standard deviation in parentheses. Significance of differences was tested with a
Student's paired t test and represented in bold font (*p < .1. **p < .05.***p < .01. ****p < .0001.
Naon-significant otherwise).

Lucie Dietz | Catherine Collet | Jean-Luc Dupouey | Eric Lacombe | Lisa Laurent \

Vyssi podiel teplomilnych a nizsi chladnomilnych druhov

TABLE 1 Proportion and mean number
of warm adapted species, cold adapted
species and intermediate species in the
gap plots in 2002 and 2018, and in the
undisturbed forests in 2018



Formy manazmentu a mikroklima

vytvorenie podmienok pre druhy s réznymi narokmi,
r6znou odolnostou

pritomnost mikrorefugii pre lesné, citlivé druhy

otvorenie porastu v prospech svetlomilnych druhov

Temperature (°C)

Warm patches

Cool patches

255 260 265 270

Senior et al. (2018). Tropical forests are thermally buffered despite
intensive selective logging. Global Change Biology, 24(3), 1267-1278.



. . ’ . ° Cooler microclimates can benefit birds like Hermit Warblers (Setophaga occidentalis), by
P rl m | k rO kI I m e n e d e | e n O ra St I I n reducing the rate of decline, and even making positive trends in cooler forests. Old-
growth forests tend to have cooler microclimates than mature second-growth forests,
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Mikroklima a mrtve drevo
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Figure 3. An example of the aggregated and distributed disturbance treatment with both downed and standing deadwood.



Les vekovych tried - ribaniska — vektor Sirenia invaznych druhov

Uspednd regeneracia nepdévodnych drevin (Ailanthus
altissima, Robinia pseudoacacia) na rubaniskach v
dubovych lesoch

e VWV

Bylinné invazne druhy vacsinou dominuju docasne




Rubaniska — vektor Sirenia invaznych druhov

Tazba lesa predstavuje antropogénnu

disturbanciu

Disturbancie podporuju
druhov

Non-native plant species benefit from disturbance: a meta-analysis

Miia Jauni, Sofia Gripenberg and Satu Ramula

S

’

ren

e invaznych

Oikos 124: 122-129, 2015

doi: 10.1111/0ik.01416
© 2014 The Authors. Oikos © 2014 Nordic Society Oikos
Subject Editor: Christopher Lortie. Editor-in-Chief: Dries Bonte. Accepred 18 May 2014
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Control of invasive Ailanthus altissima in the Danube floodplain forests in P % ,
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Fig. 3. Differences between treatments in the health of surrounding Ailanthus
altissima individuals after three years; health is illustrated by a 04 scale, where
0 is a perfectly healthy individual and 4 is a dead individual; T - treated,
inoculated trees, S — surrounding untreated trees that became infected via root
grafts with inoculated trees, C — untreated control trees distant from inocu-
lated trees.

Aplikacia chemikalii ma rychly a intenzivny

Shady sites Sunny sites
Aplikacia biologického Skodcu (huba) ma g
dlhSie trvajuci nastup pésobenia, mierne 2 >
slabsi, avSak poskodzuje aj stromy bez 2
aplikacie %
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Fig. 2. Changes in health status of Ailanthus altissima within three years after inoculation with Verticillium nonalfalfae isolate Vert56 and glyphosate; health status is
expressed by a 0-4 scale, where 0 is a perfectly healthy individual and 4 is a dead individual. An average disease severity index is used.



Stredny les

Priklad z Talianska — historicky manazment (tretina kazdej generacie stromov ostava)

Malis F., Canullo R., HédI R. 2015: Lesy centralnich Apenin —
biodiverzita v antextu historického a soucasného
managementu, Ziva, 63: 112-115













Apeniny

Vysoka roznorodost vo vyuzivani krajiny
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Apeniny
Drevi

lesov

Fagus sylvatica
Quercus spp.
Fraxinus ornus




Apeniny
Specificka forma vyrubu drevin pocas tazby
U&elom je pddoochranna funkcia na strmych svahoch

Pen ostava zivy




Potencial lesov pri zmiernovani dopadov GEZ



Sekvestracia uhlika

rastliny (stromy) viazu CO, z atmosféry,
Ziju a rastu z neho (vznik biomasy)

velka cast (cca 70 %) biomasy sa rozlozi
a uvolni

Cast sa uloZi v pédach, o Cosi viac vytazi

vytaZené drevo vyuzit inak ako na palivo
(fixacia na dlhSiu dobu)

horenie dreva (palivo alebo poziare) znova

uhlik uvolni do atmosféry (vyuZitie na
palivo je vsak vidy lepsie ako kurit fosilnymi
palivami)

fosilne paliva drevom nenahradime —
potreba znizit ich spotrebu

Forest

Wood products
decomposition
87 +16

Fluxes in Tg C yr™

Bilancia pre $taty EU
Luyssaert et al. (2010). The European carbon balance. Part 3: forests. Global Change Biology, 16(5), 1429-1450.



Sekvestracia a akumulacia uhlika v pdde

Obsah uhlika v pode je vyssi v prirodnych lesoch ako v hospodarskych
Akumulacia uhlika v prirodnych lesoch narasta (nemaju stabilnu zasobu uhlika)
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Old-Growth Forests Can Accumulate Carbon in Soils
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Abstract

Old-growth forests have traditionally been considered negligible as carbon sinks o
because carbon uptake has been thought to be balanced by respiration. We show

that the top 20-centimeter soil layer in preserved old-growth forests in southern

China accumulated atmospheric carbon at an unexpectedly high average rate of o)
0.61 megagrams of carbon hectare-1 year-1 from 1979 to 2003. This study suggests
that the carbon cycle processes in the belowground system of these forests are
changing in response to the changing environment. The result directly challenges
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Vol 455|11 September 2008 doi:10.1038/nature07276 nature

LETTERS

Old-growth forests as global carbon sinks

Sebastiaan Luyssaert'?, E. -Detlef Schulze®, Annett Bérner’, Alexander Knohl*, Dominik Hessenmdller?,
Beverly E. Law’, Philippe Ciais® & John Grace®

Matters arising

Old-growth forest carbon sinks
overestimated

https://doi.org/101038/s41586-021-03266-z  Per Gundersen'™, Emil E. Thybring', Thomas Nord-Larsen', Lars Vesterdal',
Knute J. Nadelhoffer’ & Vivian K. Joh !
Received: 10 March 2020

Accepted: 19 January 2021 ARISING FROM: 5. Luyssaert et al. Nature https://dol.org/10.1038/nature07276 (2008)
Published online: 24 March 2021
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Ukladanie uhlika v pode

Jednou z moznosti je ,pochovavanie” dreva, alebo ,, utopenie” vo vode

Science

Burying wood in ‘vaults’ could help fight global warming

Ancient, preserved log shows how carbon could be locked up for centuries underground

26 SEP 2024 « 2:00 PMET « BY SAIMA SIDIK

A

N 94 K% ) % At

A 3775-year-old log held onto 95% of its carbon
because it was buried in a water-logged clay lacking
in OXygen. NING ZENG

Ning Zeng a kolektiv skiumali 3775 rokov staré drevo,
ktoré si zachovalo 95% uhlika, pretoze bolo v
podmacanej ilovitej poéde bez pristupu kyslika

Zeng et al. 2024: Science 385, No. 6716, DOI: 10.1126/science.adm8133



Ukladanie uhlika v p6de — Biochar (biouhlie)

Drevné uhlie vyrobené procesom pyrolyzy (,,zohriatie” dreva bez pristupu kyslika)

Uhlik je v biouhli fixovany, v péde sa nerozklada

Zapracovanie do pody meni vlastnosti pod a moze byt prospesné pre rastliny

biochar

Obrézky

bt a Bio oil > Biochar production Carbon offsets

Forest Ecology and Management 474 (2020) 118362

S pe— e i - — Contents lists available at ScienceDirect FORESTRN
Biochar - a fertilizer wi WHAT IS BIOCHAR AND WHY IS Biochar — The European Bi Biochar Benefits - Arbor Hill Tr. ECOLOGE“&':R
- Forest Ecology and Management sl
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BIOCHAR
L — o Biochar amendment increases tree growth in nutrient-poor, young Scots 7))
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Five Reasons to Use Biochar in Your Ga Biochar: What is it an

from waste Producers and Res:
updates

pine stands in Finland

Marjo Palviainen™", Heidi Aaltonen®, Ari Laurén”, Kajar Koster”, Frank Berninger®, Anne Ojala",
Jukka Pumpanen®
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Swedish forest growth decline: A consequence of climate warming? G

Hjalmar Laudon ™, Alex Appiah Mensah ", Jonas Fridman ", Torgny Nasholm *,
Sandra Jamtgard *

Sekvestracia uhlika znizena kvoli poklesu rastu stromov ako dbsledok klimatickej zmeny

Efekt ,,hnojenia® oxidom uhlicitym, ale nasledne prejavy sucho
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Period of Period of
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Fig. 1. Trends in annual incremental growth since the beginning of the Swedish National Forest Inventory (NFI) data collection in 1920 (left), as well as an enlarged
view from 1995 to the present (right). Each annual data estimate is based on over 100,000 annually inventoried sample trees, which are aggregated into 5-year

running averages. Data between 1925 and 1958 are linearly interpolated, thereafter running five-year averages. The grey area denotes the uncertainty band of
the annual growth estimates.
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Sekvestracia uhlika je zna¢ne narusena disturbanciami S
Post-disturbance recovery of forest carbon in a temperate forest landscape | M)
Trva 30 — 40 rokov kym sa obnovi zasoba uhlika v under climate change L
, Laura Dobor”, Toma$ Hlasny™", Werner Rammer”, Ivan Barka®, Jiii Trombik”, Pavol Pavlenda®,
| esnom e ko Syste me Vladimir Sebefi®, Petr Sté¢panek”, Rupert Seidl”
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 University of Natural Resources and Life Sciences (BOKU) Vienng, Peter Jordan StraRe 82, 1190 Wien, Austria

© National Forest Centre — Forest Research Institute Zvolen, T. G. Masaryka 22, 960 92 Zvolen, Slovak Republic
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Fig. 3. Simulated total ecosystem carbon (C,) and its post-disturbance recovery. The disturbed forest development is simulated under three different climate
conditions, as well as with and without the fertilizing effect of CO,. The reference undisturbed development was generated under reference climate corresponding to
the period 1961-1990. Simulations under climate change are driven by seven climate models for each RCP scenario; solid lines indicate the average projection and
shaded envelopes indicate the minimum-maximum range of the simulations. Grey rectangles indicate the inter-model range of payback time (PB1 with elevated CO,;
PB2 without elevated CO,) and the C parity (P). Columns at the bottom indicate the annual C amount removed from the landscape by harvests and salvage cutting,
and the annual C in dead trees. In case of RCP scenarios, columns show multi-model means under elevated CO, level. The blue vertical rectangle indicates the wind-

bark beetle disturbance episode investigated here (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.).
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Elevation [m]

Are uneven-aged forests in Central Europe less affected by natural e e

disturbances than even-aged forests? 3000

Johannes Mohr *, Dominik Thom *", Hubert Hasenauer ¢, Rupert Seidl a.d 2500

2000

A V4 7 . . V4 1500

R6znoveké porasty si menej postihované
. . ° ’

disturbanciami ako rovnoveké

Fig. 1. : A: Study sites under uneven-aged management and their approximate location in Austria. Examples for typical forest structures under B: uneven-aged
management, and C: even-aged management in the study region.
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Fig. 3. Uneven-aged forests are less affected by natural disturbances than even-aged forests. Differences in the disturbance regimes of uneven-aged and even-aged
forests: a) disturbance rate, b) disturbance frequency, ¢) maximum patch size, and d) the proportion of high severity disturbances. Mean values are depicted as
points, medians as horizontal lines, and interquartile ranges (IQR) as boxes, while whiskers illustrate data points within the range of Q1 - 1.5IQR to Q3 + 1.5IQR,
with Q1 and Q3 representing the first and third quartiles, respectively.



Adaptacia sposobov obhospodarovania lesov

95 % lesov je obhospodarovanych — vyuzitie potencialu pre zmiernenie dopadov GEZ je v rukach
obhospodarovatelov

lesnici nemozu ovplyvnit globalne javy, ale m6zu prisposobit obhospodarovanie v prospech zmiernenia ich
dopadov

mnozstvo pozitivnych prikladov, ale aj nespravnych pristupov



Par zakladnych foriem, terminov

Prirode blizke formy obhospodarovania lesa budu témou samostatnej prednasky

Teraz par medzinarodnych terminov

Regenerative forestry

Snaha akumulovat (zachytavat) v lesnom
ekosystéme Co najviac uhlika

V sucasnosti je v praxi realizované hlavne
regenerative agriculture

Potreba rozvoja konceptu pre lesnictvo na zaklade
kvantifikacie mnozstva zachyteného uhlika

7 Carboneg

Regenerativne

polnohospodarstvo
e

Regenerativne polnohospodarstvo  Prefirmy  Pre polnohospodarov.  Onas  Kontakty  Blog = v

Sanca, ako prospiet fudom, kiaji

3 dévody

Preéo zaviest regenerativne pol'nohospodarstvo?

@ &% P
Ukladanie CO2 Zdravsie potraviny Zvysenie biodiverzity

Vo vzduchu je uhlika prilié vela a v péde ho je Zdrava poda zabezpecuje optimalnu vyzivu a Zdrava poda a vodny cyklus umoziuju

malo. Vratenie uhlika do pédv nam pomoéze zdravie rastlin vdaka spolupraci pédnvch obnovu druhovei rozmanitosti celei kraiinv.



Par zakladnych foriem, terminov

Continuous cover forestry

Vyberkovy les
Nepretrzita kontinuita zapoja

Maloplosnost tazby na Urovni jednotlivych stromov



Par zakladnych foriem, terminov

Selective logging
V priestore heterogénna tazba

TaZba od jednotlivych stromov
po skupiny (porastové medzery)

Casové rdmce — postupné
zvacsovanie...

Single-tree cutting

-

-
QO O
O O

Group cutting

https://eos.com/blog/selective-logging/



Par zakladnych foriem, terminov

Retention forestry

Ponechavanie r6znorodych porastovych zvyskov
R6zna velkost, hustota a ¢as ich ponechania
Individualne stromy, skupiny stromov (riedke, husté)

Na kratku dobu, na dozitie (mrtve drevo)

Figure 1. Photos illustrating retention forestry in different parts of the world.
The common feature is a long-term and planned retention of biological legacies,
including dispersed and aggregated trees, over forest generations with the aim of
maintaining biodiversity and ecosystem functions. The levels and designs of this
approach, which has been practiced for more than 20 years, differ considerably
depending on ecological conditions, policy settings, and social contexts.

(a) Group retention in coastal British Columbia, Canada. Photograph: William J.
Beese. (b) Tree and habitat retention in a gap release treatment in Jarrah Forest,
Western Australia. Photograph: Deirdre Maher. (c) Small aggregate and created
dead wood in boreal Sweden. Photograph: Lena Gustafsson. (d) Dispersed
retention in Washington State. Photograph: Cassandra Koerner.

Gustafsson et al. (2012). Retention forestry to maintain multifunctional forests: a world perspective. BioScience, 62(7), 633-645.



Par zakladnych foriem, terminov

Retention forestry

Ponechavanie réznorodych porastovych zvyskov

s KUNGL.
4 VETENSKAPS:

Ambio 2020, 49:85-97 .t_,/; AK EDE M ] E N m
https:fdoi orgf 10, 1007751 3280-019-01 190-1 (,Lr‘;ea:;elg

PERSPECTIVE

Retention as an integrated biodiversity conservation approach
for continuous-cover forestry in Europe

Lena Gustafsson ), Jiirgen Bauhus (9, Thomas Asbeck,

Andrey Lessa Derci Augustynezik, Marco Basile, Julian Frey,
Fabian Gutzat, Mare Hanewinkel, Jan Helbach, Marlotte Jonker,
Anna Knuff &, Christian Messier, Johannes Penner, Patrick Pyttel,
Albert Reif, Felix Storch, Nathalie Winiger, Georg Winkel,

Rasoul Yousefpour, Ilse Storch

Ponechané individudlne stromy — tzv. biotopovy strom (habitat tree), mikrobiotopy pre r6zne organizmy

Mrtve drevo — stojace, leziace

kil al

6“ 11‘ lln!' ——tn o

Even-aged forestry

AT Y M A TR O eI Y 'uI l II' ||

Uneven-aged forestry

Habitat
tree

Downed

wood

Dead
standing
tree




Par zakladnych foriem, terminov

Biotopovy strom — prvok retention forestry

Habitat tree — strom s rdznymi prvkami vhodnymi ako mikrobiotop pre r6zne organizmy

|

W [} LR e

Field Guide to Northern
Tree-related Microhabitats | 1 —

Descriptions and size limits for their inventory in boreal
and hemiboreal forests of Europe and North America

Epiphytic
and epixylic

structures

Crown

m Excrescences
walgr
Fungal fruiting bodies Y.’t
and slime moulds S
il

to specialised species for shelter, breeding spots, hibernating or
feeding, or even for their entire life cycle.

Suggested reference for bibliography:

Butler, R., Larrieu, L., Lunde, L.F, Martin, M., Nordén, B., Reiso, S., Tremblay,
J.A., Wetherbee, R. 2024. Field Guide to Northern Tree-related Microhabitats:
Descriptions and size limits for their inventory in boreal and hemiboreal
forests of Europe and North America. Birmensdorf, Swiss Federal Institute for
Forest, Snow and Landscape Research WSL. 68 p.

deadwood

6 Trunk rot-hole (closed top, no ground contact) 2
This cavity contains decomposed organic material or wood mould, _g
with the quantity depending on rot-hole development stage. It is 'é
protected from the external climate and rain. The bottom of the o
cavity is not in contact with the ground.
Life traits: saproxylic, wood mould, living, (conifer), broadleaved,
trunk, dry, shelter, perennial
Minimum size: cavity entrance @ > 10 cm
Trigger frequency Development rhythm
"
- Q) mmnjEEm " =
low slow (very slow)
Associated species:
il e V4 kP2 1
Did you know? If the water content of wood mould is sufficiently
high, a cavity is cooler than the exterior during the day (because of
evaporation) and warmer during the night. Besides wood mould, a
particular set of species use other subsections of the cavity — the
ceiling, walls and floor. o



Specificky manazment podla disturbanéného rezimu

Manazment simulujuci prirodné procesy

} frontiers HYPOTHESIS AND THEORY

in Forests and Global Change doi: 10

Check for
updates

Natural Disturbance-Based Forest
Management: Moving Beyond
Retention and Continuous-Cover
Forestry

Timo Kuuluvainen'™, Per Angelstam?, Lee Frelich?, Kalev Jogiste?, Matti Koivula®,
Yasuhiro Kubota®, Benoit Lafleur” and Ellen Macdonald?

Natural disturbance regime
Succession after Cohort and patch Small-scale
stand_repla(:'ng dynamICS driven by gap dynamlcs 2
(Fire)
= AR B
s W Y k. 8 E
3 iEs ' s S S, T B
- 208 \l;- Wl
(regenerating forest) " (mature forest) (old-growth forest)
Variable - Partial harvesting, Single tree and
density variable retention Group selection
thinning cutting
(Clear cutting
With retention)
Natural disturbance-based management
FIGURE 3 | llustration on how knowledge about natural disturbance regimes can be used in natural disturbance-based management (Bergeron et al., 2002). Here

the forest successional sequence is divided into four developmental phases after stand-replacing disturbance, with their typical internal dynamics: regeneration,
competition, mature and old-growth. Silvicultural tools are used in each phase to emulate natural disturbances. Retention of ecological legacies (living and dead
trees) is applied in regeneration cutting, variable-density thinning is used to emulate competition-phase dynamics, partial harvesting and high-retention cutting can
be used to imitate opening up of canopy, and structure and dynamics of old forests are emulated by selective and group harvesting. The desired proportions of
developmental phases are derived from a reference landscape (if available) or from the historical reference-disturbance regime (Drawing by J. Karsisto, modified from

Kuuluvainen et al., 2017),




Specificky manazment podla disturbanéného rezimu

Priestorovo heterogénena forma
tazby s ponechdvanim
r6znorodych porastovych
zvyskov

A — napodobenie poziaru

B — velké a malé porastové
zvysky + okrajova ochrana
raseliniska

C — stredne velké porastové
zvysky organizované v priestore
na podporu konektivity
(biokoridory)

D — druhovo ré6znorody
porastovy zvysok

FIGURE 4 | Approaches to natural disturbance-based management in the western Canadian boreal forest. (A) Cutover area including a mixture of small and large
patch retention; shape of the cut area and pattern of retention are designed to mimic residuals left by wildfire. (B) Retention left as a mixture of small patches, large
patches, and a buffer next to a peatland. (C) Retention left as a mixture of medium-size patches and small patches arranged to improve landscape connectivity.
(D) Retention patch specifically designed to include a mixture of conifer and hardwoods.
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Achieving structural heterogeneity and high multi-taxon
biodiversity in managed forest ecosystems: a European

review Table 1 Overview over different forest structure types, their predicted effect on «- and beta-diversity, and

Britta URI'® - Peter Schall2® . Claus Bissler*5® the according management systems, with which such forest structures are promoted

Rozne prace syntetizujuce
formy obhospodarovania v
kontexte Struktury,
biodivezity a vhodnosti z
pohladu GEZ

Forest structure Vegetation Landscape
layers = local scale

heterogeneity = heterogeneity

Management
systems

Details

Creates good
habitat quality
for...

Suitable for ...

Even-aged

* Clearcutting

|* Trees have same age

* Pioneer species

* Boreal forest

(" a-diversity)

value

S High < Pt h i * Hemiboreal and nemoral
| (single-layered) (7 B-diversity) antation (s Ql‘t |* Trees harvested at * Plant communities coniferous/mixed forest
> B (lo-diversity) rotation, coppice) |once (large clearcuts) * Young forest * Mire and swamp forest
XJ * Regular shelterwood |« Low tree diversity specialists * Non-riverine alder/birch/aspen forest|
X * Open forest species | * Bore:al forest
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: [remove iac i .
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Vertical heterogeneity

Fig.3 Schematic overview showing how horizontal and vertical forest heterogeneity can be influenced by
different forest management systems. Horizontal heterogeneity, which also refers to the “grain size” of dis-
turbance/cutting areas, is defined by the thinning level, which in turn determines which tree species (shade
tolerant vs. light demanding species) are to be promoted. Vertical heterogeneity describes the local struc-
tural configuration of a forest, which is strongly dependent on how forests are managed



Nabuduce

Alternativne formy obhospodarovania lesov (experimenty)
Klimaticky priaznivy manazment
Agrolesnictvo

Certifikacia

Legend
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Tinya et al. (2019). Initial understory response to experimental silvicultural treatments in a temperate oak-dominated forest. European Journal of Forest Research, 138(1), 65-77.



